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(57) ABSTRACT 

Technologies are described herein for detecting and manag 
ing congestion on a shared network link. A determination is 
made whether the shared network link is congested based on 
loss rate and round-trip time (RTT) between a computer and 
a receiver operatively coupled by the shared network link. 
Upon determining that the shared network link is congested, 
a back-off operation is performed on the computer. The back 
off operation may reduce an allocated bandwidth of the com 
puter on the shared network link by transforming a higher 
allocated bandwidth into a lower allocated bandwidth. 
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TRIGGERING ANIMATION ACTIONS AND 
MEDIA OBJECT ACTIONS 

BACKGROUND 

[0001] Various network con?gurations may involve mul 
tiple computers sharing a single network link. In an illustra 
tive con?guration, an enterprise may deploy centralized serv 
ers (e.g., in a data center) for hosting corporate data, 
applications, and services. One or more remote users (e.g., at 
a branch of?ce) may then access the data center over a single 
netWork link, such as a Wide area netWork (“WAN”) link. For 
example, a server computer in Austin, Tex. may host a video 
conference call accessed by multiple users in an Atlanta, Ga. 
branch ol?ce. In this case, the users in Atlanta may share a 
WAN link Within the branch ol?ce. 
[0002] The effectiveness of the netWork link may depend 
on the amount of bandWidth utilized on the netWork link. In 
particular, overconsumption of bandWidth may result in con 
gestion at the netWork link, potentially causing the netWork 
link to lose data packets during transmission. One approach to 
resolving congestion on the netWork link is to transmit redun 
dant data in order to compensate for lost data packets. For 
example, forWard error correction (“FEC”) or another suit 
able mechanism may be utilized. HoWever, FEC may cause 
additional congestion on the netWork by introducing addi 
tional data traf?c onto the netWork link. Further, transmitting 
redundant data does not address the problem of congestion. 
[0003] Another approach to resolving congestion on the 
netWork link is to dynamically manage the amount of data 
traf?c transmitted on the netWork link. In particular, if con 
gestion is detected on the netWork link, then the amount of 
data traf?c transmitted across the netWork may be reduced in 
an attempt to reduce the congestion. HoWever, conventional 
techniques for determining the presence of congestion on the 
netWork link have draWbacks. For example, one Way to deter 
mine the presence of congestion on the netWork link involves 
utilizing a conventional link speed detection process. A con 
ventional link speed detection process measures link capacity 
across the netWork link and is generally adequate for detect 
ing a bottleneck in the last hop (e.g., a router) on the netWork 
link. HoWever, the link speed detection process may fail to 
detect the presence of congestion across the entire netWork 
link. 

[0004] It is With respect to these considerations and others 
that the disclosure made herein is presented. 

SUMMARY 

[0005] Technologies are described herein for detecting and 
managing congestion on a shared netWork link. In an illus 
trative implementation, a program module may be con?gured 
to detect congestion based on a loss rate and a round-trip time 
(RTT) betWeen a sender computer and a receiver computer 
sharing a netWork link. Upon detecting a Worsening loss rate 
and an increasing RTT, the program module may perform a 
back-off operation Whereby the bandWidth allocated to the 
sender computer for transmitting data across the shared net 
Work link is reduced. The program module may monitor the 
loss rate and the RTT to determine Whether congestion per 
sists or improves. When the program module determines that 
the congestion has improved, it may perform a recovery 
operation Whereby the bandWidth allocated to the sender 
computer is gradually increased. 
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[0006] According to one embodiment presented herein, a 
method is provided for detecting and managing congestion on 
a shared netWork link. According to the method, a determi 
nation is made Whether the shared netWork link is congested 
based on loss rate and RTT betWeen a computer and a receiver 
operatively coupled by the shared netWork link. Upon deter 
mining that the shared netWork link is congested, a back-off 
operation is performed on the computer. In particular, the 
back-off operation may reduce an allocated bandWidth of the 
computer on the shared netWork link by transforming a higher 
allocated bandWidth into a loWer allocated bandWidth. 
[0007] It should be appreciated that the above-described 
subject matter may also be implemented as a computer-con 
trolled apparatus, a computer process, a computing system, or 
as an article of manufacture such as a computer-readable 
medium. These and various other features Will be apparent 
from a reading of the folloWing Detailed Description and a 
revieW of the associated draWings. 
[0008] This Summary is provided to introduce a selection 
of concepts in a simpli?ed form that are further described 
beloW in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended that this Summary 
be used to limit the scope of the claimed subject matter. 
Furthermore, the claimed subject matter is not limited to 
implementations that solve any or all disadvantages noted in 
any part of this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a netWork architecture diagram shoWing a 
netWork architecture capable of detecting and managing con 
gestion on a shared netWork link; 
[0010] FIG. 2 is a How diagram shoWing an illustrative 
process for detecting and managing congestion on a shared 
netWork link; and 
[0011] FIG. 3 is a computer architecture diagram shoWing 
an illustrative computer hardWare architecture for a comput 
ing system capable of implementing the embodiments pre 
sented herein. 

DETAILED DESCRIPTION 

[0012] The folloWing detailed description is directed to 
technologies for detecting and managing congestion on a 
shared netWork link. Through the utilization of the technolo 
gies and concepts presented herein, a computer may utilize 
packet loss rate (hereinafter referred to as loss rate) and 
round-trip time (“RTT”) to infer that a netWork link is con 
gested. Upon determining that the netWork link is congested, 
the computer can reduce the amount of data traf?c it can send 
on the netWork link. The amount of data traf?c the computer 
can send on the netWork link is referred to herein as the 
allocated bandWidth. The operation by Which the computer 
reduces the allocated bandWidth of the computer is referred to 
herein as a back-off operation or simply as backing off. 
[0013] Upon determining that the netWork is not currently 
congested, the computer may conclude that the netWork link 
is recovering from the congestion and that backing off is 
effective. As a result, the computer may increase the allocated 
bandWidth of the computer in order to alloW additional data 
traf?c to be sent on the netWork link. 

[0014] While the subject matter described herein is pre 
sented in the general context of pro gram modules that execute 
in conjunction With the execution of an operating system and 
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application programs on a computer system, those skilled in 
the art Will recognize that other implementations may be 
performed in combination With other types of program mod 
ules. Generally, program modules include routines, pro 
grams, components, data structures, and other types of struc 
tures that perform particular tasks or implement particular 
abstract data types. Moreover, those skilled in the art Will 
appreciate that the subject matter described herein may be 
practiced With other computer system con?gurations, includ 
ing hand-held devices, multiprocessor systems, microproces 
sor-based or programmable consumer electronics, minicom 
puters, mainframe computers, and the like. 
[0015] In the folloWing detailed description, references are 
made to the accompanying draWings that form a part hereof, 
and Which are shoWn by Way of illustration speci?c embodi 
ments or examples. Referring noW to the draWings, in Which 
like numerals represent like elements through the several 
?gures, a computing system and methodology for detecting 
and managing congestion on a netWork link Will be described. 
In particular, FIG. 1 illustrates a simpli?ed netWork architec 
ture 100 including a branch of?ce 102 and a data center 104 
coupled via a netWork link 106. The netWork link 106 may be 
a Wide area netWork (“WAN”) or other suitable netWork. The 
branch of?ce 102 includes a ?rst client computer 108A, a 
second client computer 108B, and a third client computer 
108C (collectively or generically referred to as computers 
108 or computer 108). The data center 104 includes a server 
computer (hereinafter referred to as a server) 110. In other 
embodiments, the branch of?ce 102 and the data center 104 
may include any suitable number of client computers and 
servers as contemplated by those skilled in the art. 
[0016] As illustrated in FIG. 1, one or more of the comput 
ers 108 and the server 110 may include a congestion module 
112. As described in greater detail beloW, the congestion 
module 112 may be con?gured to detect congestion on the 
netWork link 106 caused by data traf?c transmitted from the 
computers 108 to the server 110. In this case, the computers 
108 may be referred to as senders, and the server 110 may be 
referred to as a receiver. Upon detecting the congestion, the 
congestion module 112 may attempt to reduce the congestion 
by performing a back-off operation. In particular, the conges 
tion module 112 may attempt to reduce the congestion by 
reducing the allocated bandWidth, Which speci?es the amount 
of data tra?ic that can be sent on the netWork link 106. 

[0017] According to embodiments, the computers 108 and 
the server 110 may transmit data traf?c, and in particular, 
real-time or near real-time audio data and video data traf?c, 
via User Datagram Protocol (“UDP”) and Real-Time Trans 
port Protocol (“RTP”) across the netWork link 106. The RTP 
provides a reception quality feedback mechanism through 
Real-Time Control Protocol (“RTCP”) sender and receiver 
reports (collectively and generically referred to as RTCP 
reports and RTCP report). In particular, the RTCP reports 
may provide transmission and reception statistics for RTP 
packets sent during a given interval. 
[0018] The RTCP reports are de?ned in Request for Com 
ments (“RFC”) 3550, Section 6.4. In particular, the RFC 
3550, Section 6.4 de?nes various ?elds included in the RTCP 
reports. The RFC 3550, Section 6.4 further de?nes various 
computations that can be performed based on the ?elds. TWo 
computations de?ned by the RFC 3550 are the loss rate and 
the RTT. 

[0019] The RFC 3550 de?nes the loss rate as folloWs: “An 
example calculation is the packet loss rate over the interval 
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betWeen tWo reception reports. The difference in the cumu 
lative number of packets lo st gives the number lost during that 
interval. The difference in the extended last sequence num 
bers received gives the number of packets expected during the 
interval. The ratio of these tWo is the packet loss fraction over 
the interval. This ratio should equal the fraction lost ?eld if the 
tWo reports are consecutive, but otherWise it may not. The loss 
rate per second can be obtained by dividing the loss fraction 
by the difference in NTP [NetWork Time Protocol] times 
tamps, expressed in seconds. The number of packets received 
is the number of packets expected minus the number lo st. The 
number of packets expected may also be used to judge the 
statistical validity of any loss estimates. For example, 1 out of 
5 packets lost has a loWer signi?cance than 200 out of 1000.” 

[0020] Further, the RFC 3550 de?nes the RTT as folloWs: 
“Let SSRC_r denote the receiver issuing this receiver report. 
Source SSRC_n can compute the round-trip propagation 
delay to SSRC_r by recording the time A When this reception 
report block is received. It calculates the total round-trip time 
A-LSR using the last [sender report] timestamp (LSR) ?eld, 
and then subtracting [the delay since last sender report 
(DLSR)] ?eld to leave the round-trip propagation delay as 
(A-LSRiDLSR)” 
[0021] According to embodiments, the congestion module 
112 is con?gured to detect congestion on the netWork link 106 
based on the loss rate and the RTT. In particular, congestion 
on the netWork link 106 may cause the netWork link 106 to 
lose data packets. As a result, a Worsening loss rate may be 
utilized as a factor in detecting congestion on the netWork link 
106. In one embodiment, the congestion module 112 com 
pares the loss rate to a loss rate threshold. If the loss rate is 
greater than the loss rate threshold, then the congestion mod 
ule 112 may identify the netWork link 106 as being congested. 
In another embodiment, the congestion module 112 deter 
mines Whether the loss rate has increased by a given amount. 
If the loss rate has increased by the given amount, then the 
congestion module 112 may identify the netWork link 106 as 
being congested. 
[0022] Although the loss rate is generally indicative of con 
gestion, some netWorks, such as Wireless netWorks, may suf 
fer from packet loss even Without the presence of congestion. 
Thus, in order to verify that the packet loss actually results 
from congestion on the netWork link 106, the congestion 
module 112 may utiliZe the RTT. In particular, as congestion 
builds on the netWork link 106, queues on routers and other 
netWork elements on the netWork link 106 become more 
?lled, thereby delaying the amount of time in Which to trans 
mit data tra?ic. In this regard, the RTT can supplement the 
loss rate in order to verify congestion on the netWork link 106. 
In one embodiment, the congestion module 112 compares the 
RTT to an RTT threshold. If the RTT is greater than the RTT 
threshold, then the congestion module 112 may identify the 
netWork link 106 as being congested. 
[0023] Upon identifying the netWork link 106 as being 
congested based on the loss rate and the RTT, the congestion 
module 112 may perform a back-off operation in Which the 
congestion module 112 reduces the amount of data traf?c 
transmitted across the netWork link 106. In one embodiment, 
the congestion module 112 reduces the data tra?ic by an 
amount corresponding to the loss rate. For example, if the loss 
rate is 40% (i.e., 40% of the data packets sent are dropped), 
then an assumption can be made that the data tra?ic is 40% 
more than the netWork link 106 is capable of handling. As a 
result, the congestion module 112 may reduce the data traf?c 
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by 40%. In other embodiments, other suitable criteria may be 
utilized for determining the amount by Which to the data 
tra?ic is reduced. 

[0024] Upon performing the back-off operation, the con 
gestion module 112 may monitor the congestion based on the 
loss rate and the RTT. In particular, the congestion module 
112 may monitor the loss rate and the RTT to determine 
Whether the congestion persists or improves. Upon identify 
ing the netWork link 106 as not being congested (i.e., that the 
congestion has improved), the congestion module 112 may 
perform a recovery operation. The recovery operation may 
gradually increase the allocated bandWidth. 

[0025] The folloWing is a description of one example 
implementation of the back-off operation performed by the 
congestion module 112. In particular, the implementation 
includes criteria for determining When to perform the back 
off operation, the extent of the back-off operation, When to 
perform the recovery operation, and the extent of the recovery 
operation. It should be appreciated that the implementation 
described beloW is merely illustrative and is not intended to be 
limiting. 
[0026] When to Back Off 

[0027] In one embodiment, the congestion module 112 per 
forms a back-off operation if the folloWing three conditions 
are satis?ed. A ?rst condition is met if the RTT is greater than 
an RRT threshold. For example, the RTT threshold may be 
about 500 milliseconds (“ms”). In the second condition, the 
number of data packets sent by the sender is greater than a 
packets threshold. In a third condition, the current loss rate is 
higher than a loss rate absolute threshold, or the current loss 
rate is higher than the previous loss rate by a loss rate per 
centage threshold. 
[0028] HoW Much to Back Off 

[0029] In the back-off operation, the current allocated 
bandWidth may be determined based on the previous allo 
cated bandWidth and a bandWidth reduction. For example, the 
current allocated bandWidth may be determined in accor 
dance With the folloWing equation, Where PreviousAllocat 
edBW refers to the previous allocated bandWidth, and BW 
Reduction refers to the bandWidth reduction: 

CurrentAllocatedB W:PreviousAllocatedB W-B WRe 
duction 

[0030] If there is no previous allocated bandWidth, the ini 
tial bandWidth estimate may be used. The initial bandWidth 
estimate may be determined according to any suitable tech 
nique as contemplated by those skilled in the art. The band 
Width reduction may be determined by comparing the previ 
ous allocated bandWidth to the product of the optimal 
bandWidth and the optimal threshold. The optimal bandWidth 
is the bandWidth that the application utiliZing the netWork link 
needs for performing acceptably. The optimal threshold may 
be used to adjust the optimal bandWidth. 
[0031] If the previous allocated bandWidth is less than the 
product of the optimal bandWidth and the optimal threshold, 
then the congestion module 112 may determine the band 
Width reduction according to the folloWing equation, Where 
lossrate refers to the loss rate as speci?ed by the RTCP 
reports, MinimumReductionCoef?cient refers to a percent 
age of minimum reduction alloWed by the back-off operation, 
MaximumReductionCoe?icient refers to a percentage of 
maximum reduction alloWed by the back-off operation, and 
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OptimalBandWidth and OptimalThreshold are used as 
described above: 

B WReduction:lossrate/l 00><PreviousAllocatedB Wx 

(MinimumReductionCoef?cient+((MaximuInReduc 
tionCoef?cient-MinimumReductionCoef?cient)>< 
PreviousAllocatedB W/(OptimalBandWidthx 
OptimalThreshold))) 

[0032] If the previous allocated bandWidth is more than the 
product of the optimal bandWidth and the optimal threshold, 
then the congestion module 112 may determine the band 
Width reduction according to the folloWing equation based on 
simple loss rate: 

B WReduction:lossrate/l 00><PreviousB WEstimatex 
MaximumReductionCoef?cient 

[0033] Prior to performing the back-off operation With the 
neW allocated bandWidth, the neW allocated bandWidth may 
be compared With a minimum bandWidth threshold. If the 
neW allocated bandWidth is beloW the minimum bandWidth 
threshold, then the back-off operation is terminated. If the 
neW allocated bandWidth is above the minimum bandWidth 
threshold, then the back-off operation is performed. 
[0034] When to Recover (i.e. Stop or Reduce the Back-Off 
Operation) 
[0035] Whenever the conditions for back-off are not met, 
the congestion module 112 may perform a recovery operation 
to increase the amount of data tra?ic sent across the netWork 
link 106. Upon determining to perform the recovery opera 
tion, the congestion module 112 determines the amount to 
increase the data tra?ic sent across the netWork link 106. In 
this regard, the congestion module 112 may determine an 
amount to increase the allocated bandWidth according to the 
equation previously described. 
[0036] In the recovery operation, the current allocated 
bandWidth may be determined based on the previous allo 
cated bandWidth and a bandWidth increase. For example, the 
current allocated bandWidth may be determined in accor 
dance With the folloWing equation, Where BWIncrease refers 
to the bandWidth increase: 

CurrentAllocatedB W:PreviousAllocatedB W+B WIn 
crease 

[0037] The bandWidth increase may be determined by com 
paring the previous allocated bandWidth to the product of the 
optimal bandWidth and the optimal threshold. If the previous 
allocated bandWidth is less than the product of the optimal 
bandWidth and the optimal threshold, then the congestion 
module 112 may determine the bandWidth increase according 
to the folloWing equation, Where the MaximumIncreaseCo 
e?icient refers to the percentage of maximum increase 
alloWed by the recovery operation, and Mini 
mumIncreaseCoe?icient refers to the percentage of mini 
mum increase alloWed by the recovery operation: 

B WIncrease:PreviousAllocatedB Wx (Maxi 
muInIncreaseCoef?cient-((MaximuInIncreaseCoef? 
cient-MinimumIncreaseCoef?cient)><PreviousAllo— 
catedB W/(OptimalBandWidthxOptimalThreshold))) 

[0038] If the previous allocated bandWidth is more than the 
product of the optimal bandWidth and the optimal threshold, 
then the congestion module 112 may determine the band 
Width increase based on the minimum increase coef?cient 
according to the folloWing equation: 

B WIncrease:PreviousAllocatedB WxMini 
muInIncreaseCoef?cient 
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[0039] Upon determining that the bandwidth estimate for 
network link 116 has increased, the congestion module 112 
may also increase the allocated bandwidth accordingly, pro 
vided the previous allocated bandwidth was already close to 
the previous full bandwidth capacity. 
[0040] Referring now to FIG. 2, additional details will be 
provided regarding the embodiments presented herein for 
detecting and managing congestion on a shared network link. 
In particular, FIG. 2 is a ?ow diagram illustrating one method 
for detecting and managing congestion on a shared network 
link. It should be appreciated that the logical operations 
described herein are implemented (1) as a sequence of com 
puter implemented acts or program modules running on a 
computing system and/ or (2) as interconnected machine logic 
circuits or circuit modules within the computing system. The 
implementation is a matter of choice dependent on the per 
formance and other requirements of the computing system. 
Accordingly, the logical operations described herein are 
referred to variously as states operations, structural devices, 
acts, or modules. These operations, structural devices, acts, 
and modules may be implemented in software, in ?rmware, in 
special purpose digital logic, and any combination thereof. It 
should be appreciated that more or fewer operations may be 
performed than shown in the ?gures and described herein. 
These operations may also be performed in a different order 
than those described herein. 
[0041] The routine 200 begins at operation 202, where the 
congestion module 112 determines a loss rate between the 
computer 108 and the server 110. The loss rate may be deter 
mined based on a plurality of data packets sent from the 
computer 108 to the server 110. In one embodiment, the loss 
rate is determined based on RTCP reports sent from the server 
110 to the computer 108. In particular, the RTCP reports may 
include information regarding data packets lost from the plu 
rality of data packets sent from the computer 108. Upon 
determining the loss rate, the routine 200 proceeds to opera 
tion 204. 
[0042] At operation 204, the congestion module 112 deter 
mines the RTT between the computer 108 and the server 110. 
The RTT may also be determined based on RTCP reports. 
Upon determining the RTT, the routine 200 proceeds to 
operation 206, where the congestion module 112 detects con 
gestion on the network link 106. In particular, the congestion 
module 112 may determine congestion on the network link 
based on the loss rate and the RTT. 

[0043] With regards to the loss rate, the congestion module 
1 12 may determine whether the loss rate has worsened. In one 
embodiment, the congestion module 112 determines whether 
the loss rate has worsened by determining whether the loss 
rate has increased by a given amount. In another embodiment, 
the congestion module 112 determines whether the loss rate 
has worsened by determining whether the loss rate is higher 
than a loss rate threshold. With regards to the RTT, the con 
gestion module 1 12 may determine whether the RTT is higher 
than a RTT threshold. In operation 208, the congestion mod 
ule 112 may detect that the network link is congested if the 
loss rate has worsened and the RTT is higher than the RTT 
threshold. Upon detecting congestion on the network link 
106, the routine 200 proceeds to operation 210. Otherwise, 
the routine 200 proceeds to operation 212. 
[0044] At operation 210, the congestion module 112 per 
forms a back-off operation to reduce the allocated bandwidth 
of the computer 108 for transmitting data tra?ic on the net 
work link 106 to the server 110. By reducing the allocated 
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bandwidth of the computer 1 08, the corresponding data traf?c 
sent on the network link 106 is also reduced, which poten 
tially reduces congestion on the network link 106. The back 
off operation may reduce the allocated bandwidth of all of 
data tra?ic or only a portion of the data tra?ic. For example, 
the back-off operation may be con?gured to reduce the allo 
cated bandwidth of higher bandwidth traf?c, such as video 
data, and not to reduce the allocated bandwidth of lower 
bandwidth tra?ic, such as audio data. 
[0045] In one embodiment, the computer 108 reduces the 
allocated bandwidth in accordance with the loss rate. That is, 
a higher loss rate may correlate to a lower allocated band 
width (i.e., a greater reduction in the allocated bandwidth), 
while a lower loss rate may correlate to a higher allocated 
bandwidth (i.e., a lesser reduction in the allocated band 
width). 
[0046] However, if no congestion is detected on the net 
work link, then the congestion module 112 may decide to 
perform a recovery operation. Accordingly, the routine 200 
may proceed to operation 212, where the congestion module 
112 performs a recovery operation to increase the allocated 
bandwidth of the computer 108 for transmitting data tra?ic on 
the network link 106 to the server 110. In one embodiment, 
the recovery operation increases the allocated bandwidth 
back to its original state prior to the back-off operation. In 
another embodiment, the recovery operation increases the 
allocated bandwidth in an amount that is less than the original 
state to lessen the reduction created by the back-off operation. 
[0047] Referring now to FIG. 3, an exemplary computer 
architecture diagram showing a computer 300 is illustrated. 
Examples of the computer 300 may include the computer 108 
and the server 110. The computer 300 includes a processing 
unit 302 (“CPU”), a system memory 304, and a system bus 
306 that couples the memory 304 to the CPU 302. The com 
puter 300 further includes a mass storage device 312 for 
storing one or more program modules 314 and one or more 

databases 316. An example of the program module 314 may 
be the congestion module 112. The routine 200 may also be 
embodied in the program module 314 and executed by the 
computer 300. The mass storage device 312 is connected to 
the CPU 302 through a mass storage controller (not shown) 
connected to the bus 306. The mass storage device 312 and its 
associated computer-readable media provide non-volatile 
storage for the computer 300. Although the description of 
computer-readable media contained herein refers to a mass 
storage device, such as a hard disk or CD-ROM drive, it 
should be appreciated by those skilled in the art that com 
puter-readable media can be any available computer storage 
media that can be accessed by the computer 300. 

[0048] By way of example, and not limitation, computer 
readable media may include volatile and non-volatile, remov 
able and non-removable media implemented in any method 
or technology for storage of information such as computer 
readable instructions, data structures, program modules, or 
other data. For example, computer-readable media includes, 
but is not limited to, RAM, ROM, EPROM, EEPROM, ?ash 
memory or other solid state memory technology, CD-ROM, 
digital versatile disks (“DVD”), HD-DVD, BLU-RAY, or 
other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which can be used to store the desired 
information and which can be accessed by the computer 300. 

[0049] According to various embodiments, the computer 
300 may operate in a networked environment using logical 
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connections to remote computers through a network 318. The 
computer 300 may connect to the netWork 318 through a 
netWork interface unit 310 connected to the bus 306. An 
example of the netWork 318 is the netWork link 106. It should 
be appreciated that the netWork interface unit 310 may also be 
utiliZed to connect to other types of netWorks and remote 
computer systems. The computer 300 may also include an 
input/output controller 308 for receiving and processing input 
from a number of input devices (not shoWn), including a 
keyboard, a mouse, a microphone, and a game controller. 
Similarly, the input/ output controller 308 may provide output 
to a display or other type of output device (not shoWn). 
[0050] Based on the foregoing, it shouldbe appreciated that 
technologies for detecting and managing congestion on a 
shared netWork link are presented herein. Although the sub 
ject matter presented herein has been described in language 
speci?c to computer structural features, methodological acts, 
and computer readable media, it is to be understood that the 
invention de?ned in the appended claims is not necessarily 
limited to the speci?c features, acts, or media described 
herein. Rather, the speci?c features, acts and mediums are 
disclosed as example forms of implementing the claims. 
[0051] The subject matter described above is provided by 
Way of illustration only and should not be construed as lim 
iting. Various modi?cations and changes may be made to the 
subject matter described herein Without folloWing the 
example embodiments and applications illustrated and 
described, and Without departing from the true spirit and 
scope of the present invention, Which is set forth in the fol 
loWing claims. 
What is claimed is: 
1. A computer-implemented method for detecting and 

managing congestion on a shared netWork link, the method 
comprising: 

determining Whether the shared netWork link is congested 
based on loss rate and round-trip time (RTT) betWeen a 
computer and a receiver operatively coupled by the 
shared netWork link; and 

upon determining that the shared netWork link is con 
gested, performing a back-off operation on the com 
puter, the back-off operation reducing an allocated 
bandWidth of the computer on the shared netWork link 
by transforming a higher allocated bandWidth into a 
loWer allocated bandWidth. 

2. The computer-implemented method of claim 1, Wherein 
determining Whether the shared netWork link is congested 
based on loss rate and RTT of the shared netWork link com 
prises: 

determining Whether the loss rate has Worsened; 
determining Whether the RTT is higher than an RTT thresh 

old; and 
upon determining that the loss rate has Worsened and the 
RTT is higher than the RTT threshold, determining that 
the shared netWork link is congested. 

3. The computer-implemented method of claim 2, Wherein 
determining Whether the loss rate has Worsened comprises 
determining Whether the loss rate has increased. 

4. The computer-implemented method of claim 2, Wherein 
determining Whether the loss rate has Worsened comprises 
determining Whether the loss rate is higher than a loss rate 
threshold. 

5. The computer-implemented method of claim 1, further 
comprising upon determining that the shared netWork link is 
not congested, performing a recovery operation on the com 
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puter, the recovery operation increasing the allocated band 
Width of the computer on the shared netWork link. 

6. The computer-implemented method of claim 1, further 
comprising determining the loss rate based on a Real-Time 
Control Protocol (RTCP) report. 

7. The computer-implemented method of claim 1, further 
comprising determining the RTT based on a Real-Time Con 
trol Protocol (RTCP) report. 

8. The computer-implemented method of claim 1, Wherein 
the allocated bandWidth of the computer on the shared net 
Work link comprises the allocated bandWidth of the computer 
for transmitting video on the shared netWork link. 

9. The computer-implemented method of claim 1, Wherein 
performing a back-off operation on the computer comprises: 

determining Whether the reduced allocated bandWidth is 
loWer than a minimum bandWidth threshold; and 

upon determining that the reduced allocated bandWidth is 
loWer than the minimum bandWidth threshold, terminat 
ing the back-off operation. 

10. The computer-implemented method of claim 1, 
Wherein the operations of determining Whether the shared 
netWork link is congested based on the loss rate and the RTT 
and performing the back-off operation may be repeated for 
multiple computers operatively coupled to the receiver 
through the shared netWork link. 

11. A computer system comprising: 
a processor; 

a memory operatively coupled to the processor; and 
a program module Which executes in the processor from 

the memory and (ii) Which, When executed by the pro 
cessor, causes the computer system to detect and man 
age congestion on a shared netWork link by: 
determining a loss rate betWeen the computer and a 

receiver operatively coupled through the shared net 
Work link, the loss being determined based on a Real 
Time Control Protocol (RTCP) report; 

determining a round-trip time (RTT) betWeen the com 
puter and the receiver based on the RTCP report; 

determining Whether the shared netWork link is con 
gested based on the loss rate and the RTT; and 

upon determining that the shared netWork link is con 
gested, performing a back-off operation on the com 
puter, the back-off operation reducing an allocated 
bandWidth of the computer on the shared netWork 
link. 

12. The computer system of claim 11, Wherein the com 
puter is con?gured to transmit video data and audio data to the 
receiver through the shared netWork link. 

13. The computer system of claim 12, Wherein the allo 
cated bandWidth of the computer on the shared netWork link 
comprises a ?rst allocated bandWidth of the computer for 
transmitting the video data on the shared netWork link and 
excludes a second allocated bandWidth of the computer for 
transmitting the audio data on the shared netWork link. 

14. The computer system of claim 12, Wherein the video 
data and the audio data are transmitted to the receiver by user 
datagram protocol (U DP) through the shared netWork link. 

15. The computer system of claim 12, Wherein the program 
module further causes the computer system to detect and 
manage congestion on a shared netWork link by upon deter 
mining that the shared netWork link is not congested, per 
forming a recovery operation on the computer, the recovery 
operation increasing the allocated bandWidth of the computer 
on the shared netWork link. 
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16. A computer-readable medium having computer-ex 
ecutable instructions stored thereon Which, When executed by 
a computer, cause the computer to: 

determine a loss rate for a plurality of data packets sent 
from the computer to a receiver operatively coupled 
through a shared netWork link, the loss rate being deter 
mined based on a Real-Time Control Protocol (RTCP) 
report sent from the receiver to the computer regarding 
lost packets from the plurality of data packets; 

determine a round-trip time (RTT) betWeen the computer 
and the receiver based on the RTCP report; 

determine Whether the shared netWork link is congested 
based on the loss rate and the RTT; 

upon determining that the shared netWork link is con 
gested, perform a back-off operation on the computer, 
the back-off operation reducing an allocated bandWidth 
of the computer on the shared netWork link; and 

upon determining that the shared netWork link is not con 
gested, perform a recovery operation on the computer, 
the recovery operation increasing an allocated band 
Width of the computer on the shared netWork link. 

17. The computer-readable medium of claim 16, Wherein 
to determine Whether the shared netWork link is congested 
based on loss rate and RTT of the shared netWork link, the 
computer-readable medium having further computer-execut 
able instructions stored thereon Which, When executed by a 
computer, cause the computer to: 

determine Whether the loss rate has increased; 
determine Whether the RTT is higher than an RTT thresh 

old; and 
upon determining that the loss rate has increased and the 
RTT is higher than the RTT threshold, determining that 
the shared netWork link is congested. 
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18. The computer-readable medium of claim 16, Wherein 
to determine Whether the shared netWork link is congested 
based on loss rate and RTT of the shared netWork link, the 
computer-readable medium having further computer-execut 
able instructions stored thereon Which, When executed by a 
computer, cause the computer to: 

determine Whether the loss rate is higher than a loss rate 

threshold; 
determine Whether the RTT is higher than an RTT thresh 

old; and 
upon determining that the loss rate is higher than the loss 

rate threshold and the RTT is higher than the RTT thresh 
old, determine that the shared netWork link is congested. 

19. The computer-readable medium of claim 16, Wherein 
to perform a back-off operation, the computer-readable 
medium having further computer-executable instructions 
stored thereon Which, When executed by a computer, cause 
the computer to: 

determine Whether the reduced allocated bandWidth is 
loWer than a minimum bandWidth threshold; and 

upon determining that the reduced allocated bandWidth is 
loWer than the minimum bandWidth threshold, terminate 
the back-off operation. 

20. The computer-readable medium of claim 16, Wherein 
the computer-readable medium having further computer-ex 
ecutable instructions stored thereon Which, When executed by 
a computer, cause the computer to determine an amount to 
reduce the allocated bandWidth of the computer on the shared 
netWork link based on the loss rate. 

* * * * * 


